found that FO fouling is fully reversible with simple rinsing (without any cleaning reagents).
12
In addition, fouling reversibility in FO was attributed to the less compact organic fouling 13 layer formed on the membrane surface due to the lack of hydraulic pressure (Zhao et al., A c c e p t e d M a n u s c r i p t change that is influenced by fouling (Fig. 1) . For FO, at any particular point, the continuously This study evaluated and compared the risks of scaling and fouling in the hollow fiber FO
16
(HFFO) membrane application using two different fouling approaches: 1) the existing 17 commonly used approach and 2) Tahir approach. Step-3
Rinsing for 10 minute (DI Water)
Re 1900/700
Performance Test 2M NaCl (DS)/DI (FS) Re 1900/700
Set-up # 1
Step-5
Step-4 Baseline Performance Test 2M NaCl (DS)/DI (FS) Re 1900/700 (Lumen /shell sides) Rinsing for 10 minute (DI Water)
Step-1
Step-2 for 36 h, but no serious change was observed in the flux patterns. 
Effect of inorganic FS concentration on flux behaviour 9
Based on the flux patterns in earlier tests using various DS concentrations, 2 M KCl DS was 10 selected for rest of the study. Baseline water flux was first evaluated with 2 M KCl DS 11 against DI (Reference), B10, B20 and B35 quality FS (Fig. 4) . FO in the AL-FS orientation 12 showed a flux drop of only 12% as the flux declined from 15.02 LMH to 14.23 LMH when 13 the FS concentration was changed from DI water to 10 g/L BGW (Fig. 4(a) ). However, for to B10 (Fig. 4(b) ). Later, for the changes in the FS concentration of B10 to B20 (10 g/L) did with FS carrying alginate, HA and BSA in DI water than DI water DS (Fig. 5(a) ). Compared DI water even showed 5.6% higher flux outcome (Fig. 5(a) ). A c c e p t e d M a n u s c r i p t 1 number for FS and DS were 1900 and 700, respectively and temperature was 25±0.5 ˚C. alginate initially showed a lower flux, followed by a higher flux after 300 min of operation. 
13
These results further indicated that the water flux loss due to fouling on the FO membrane (Fig. 7) . For higher DS concentrations, the effectiveness of the net osmotic pressure and however, the actual fouling potential seems different from the apparent one. it is difficult to find how much of the flux is affected individually by the changing driving 6 forces and the fouling and scaling or ICP/ECP issues (Fig. 1) . For these reasons, the standard NaCl DS and DI water FS to indicate any changes in the FO membrane flux performance.
Real effects of inorganic fouling on FO performances
A c c e p t e d M a n u s c r i p t
28
Using the experimental protocol outlined in Fig. 2 for Tahir fouling approach, the water flux (5.6%) flux drop was observed for similar FS (Fig. 8(a) ). lumen surface is easily pushed out by the sheer force generated by the crossflow velocity 22 especially for FS flowing through the fiber lumens (Fig. 10) . Hence, in AL-FS orientation, for HFFO membrane at AL-DS (Fig. 9(b) ). Similar to AL-FS orientation, FO in AL-DS The lower flux outcomes indicated that, in AL-DS orientation, the FO membrane is highly 7 prone to a greater risk of fouling. Among the three model foulants, the BSA loaded FS 8 showed much apparent flux decline than HA and alginate. On the contrary, due to the HFFO module design issues, the similar working crossflow rate 36.56 LMH for the two tests operated for 2 and 10 h respectively (Fig. 11) , indicated a flux formation of a cross-linked gel layer is also observed when the FO was operated in AL-DS 13 orientation for alginate, HA and BSA loaded FS (Fig. 12) . These prominent and easily M a n u s c r i p t 36 coloured HA. This fouling layer is found firmly stuck to the membrane surface and found 1 really hard to separate it from the membrane outer surface by vigorous shaking.
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